Toxic metals have been excessively released into the environment due to rapid industrialization and have created a major global concern. Cadmium, zinc, copper, nickel, lead, mercury and chromium are often detected in industrial wastewaters. Various methods are available in literature although some of them facing difficulties to be applied. The present study, bagasse from sugarcane industry was used to remove chromium(VI) ions from wastewater. This study presents the adsorption behavior of hexavalent chromium from wastewater using low cost adsorbent modified sugarcane bagasse with citric acid (SCB). The effect of the initial concentration of chromium(VI), biosorbent dosage, temperature, contact time, and pH were studied. It was found that maximum % removal of chromium(VI) is obtained 92.19 % at pH 1.2 and contact time 40 min. The removal is decreased with increase in concentration and also pH. The maximum biosorption capacities qe of chromium(VI) ions by SCB was 13.5 mg g -1 . This work proved that treated bagasse can be used as an efficient adsorbent material for removal of heavy metals from wastewater such as chromium(VI).
INTRODUCTION
The contamination of freshwater and marine environment are discharged by a number of industries, such as metal plating facilities, mining operations and tanneries. [1] [2] [3] It is well known that some metals are significantly toxic to human beings and ecological environments. 4 It was increased exponentially in the past few years and reached alarming levels in terms of its effects on living creatures. 5 A serious health hazard result from dissolved heavy metals escaping into the environment which accumulate throughout the food chain in living tissues, multiplying their effects. 6 It is necessary to eliminate the heavy metals from water and wastewater to protect public health. There are various treatment technologies such as chemical precipitation, ion exchange, membrane separation, and adsorption are known for purification of wastewaters from heavy metals. Among them, adsorption was found to be the most commonly used method for eliminating these contaminants, especially at low concentrations.
Different adsorbents have been developed from available natural materials such as activated carbon, pine bark, charcoal, banana peel, tar sands, modified rice husk, zeolites and moss peat. Also, olive stones and peach stones were also used for the removal of Zn 2+ , Cd 2+ and Cu 2+ . 7- 16 Sugarcane bagasse was widely used to remove heavy metals. [17] [18] [19] Sugarcane bagasse has around 50 % cellulose, 27 % polyoses, and 23% lignin, 20 which have many hydroxyl and/or phenolic functions that can chemically react to produce materials with new properties. [21] [22] Only a few among these works investigated the modification of sugarcane bagasse. 23 Chromium exists in two oxidation states as Cr(III) and Cr(VI). The hexavalent form is 500 times more toxic than the trivalent one. 24 Human toxicity includes lung cancer, as well as kidney, liver, and gastric damage. [25] [26] The tanning process is one of the largest polluters of chromium all over the world. The maximum of Cr(VI) levels permitted in wastewater are 5 mg L -1 for trivalent chromium and 0.05 mg L -1 for hexavalent chromium. 27 Chromium ions are usually eliminated by precipitation, ion-exchange and adsorption. [28] [29] [30] There is no way to predict the best solution of a specific problem without undergoing a series of bench tests to evaluate the available alternatives. 31 Many traditional methods for chromium removal from wastewater are ineffective at low concentrations. Therefore, researches for making efficient, eco-friendly, and inexpensive adsorbents are intensively developed. Biosorption can be defined as the ability of biological materials to sequestrate chromium or other heavy metals from even very dilute aqueous solutions by physicochemical processes. 32 The biosorption has some advantages over other techniques, 33 for example, low cost agricultural waste byproducts such as sugarcane bagasse can be used as adsorbent. [34] [35] [36] [37] The main objective of this work is to study the Cr(VI) adsorption by a modified sugarcane bagasse adsorbent.
MATERIALS AND METHODS

UV-visible spectrophotometers (Nicolet Evolution 100)
Jenway 3540 pH and Conductivity Meter were sued for UV-VIS and conductivity measurements. Stock solutions of 500 ppm of chromium(VI) were prepared from potassium dichromate using double distilled water (0.1 g K2Cr2O7 in 100 mL distilled water ). Citric acid solution was prepared by dissolution of solid anhydrous citric acid in the appropriate amount of distilled water. The pH values were adjusted by using 0.1 M sodium hydroxide (NaOH) or 0.1 M hydrochloric acid (HCl) solutions.
Preparation of sugarcane bagasse
Sugarcane bagasse were collected from Assiut city in Egypt. These samples were washed several times using tap and bidistilled waters to eliminate dust, impurities and other unwanted chemicals and then dried at 105 ºC for 48 h. Bagasse was powdered in an agate mortar and then sieved through a nylon sieve (hole diameter is 0.710 mm) to obtain the size fractions for samples. (< or >). Each fraction was stored in a clean polyethylene bottle until needed for the experiments.
Treatment of sugarcane bagasse by citric acid
Chemical modification of sugarcane bagasse by citric acid was performed by mixing the biomass with 6 or 12 g of citric acid dissolved in 300 ml of water for 30 g sugarcane bagasse.
The modified powders were dried at 100 °C overnight. This modification stabilizes the biomass due to insertion and crosslinking of carboxyl groups and increases its cation uptake ability.
Adsorption measurements
Aqueous stock solutions of 500 ppm of chromium(VI) were prepared from potassium dichromate using double distilled water by carefully weighting out 0.1 g of K2Cr2O7 and dissolved in a 100 mL distilled water. Dilution was made to prepare different initial concentrations.
Batch biosorption experiments
Effect of initial metal ions concentration
Chromium(VI) solutions (20 ml) of different initial concentrations (20, 60, 100, 140, 180 and 200 ppm) was added to 0.2 g of SBS biosorbent made with 2 % citric in at room temperature and the mixture was stirred at 300 rpm for 15 min. Then the absorbance was recorded at wavelength of 365 nm .
Effect of pH
Biosorption experiments were carried out at different initial pH values (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The initial pH values were controlled using 0.1 M sodium hydroxide ( NaOH ) or 0.1 M hydrochloric acid (HCl). Chromium(VI) (20 ml) solutions of initial concentration of 80 ppm was added to 0.2 g of modified SBS sorbent at room temperature and the mixture was stirred at 300 rpm for 15 min.
Effect of biosorbent dosage
In each biosorption experiment, 20 mL of chromium(VI) solutions of initial concentration (100 ppm ) was added to different dosage of modified SBS biosorbent at room temperature and the mixtures were stirred at 300 rpm for 15 min.
Effect of contact time and kinetics study analysis
Chromium(VI) (20 mL) solutions of initial concentration (100 ppm ) was added to 0.5 g of the modified SBS biosorbent at room temperature and the mixture was stirred on at 300 rpm with a contact times 3, 10, 20, 30, 40, 60, 90 and 120 min.
Chromium(VI) (20 mL) solutions of initial concentration (20, 50 and 80 ppm ) was added to 0.5 g of the biosorbent in a 250 ml flat bottom bottle at room temperature and the mixture was stirred on a shaker at 300 rpm with a contact times 5, 10, 20, 30, 40, 60, 90 and 120 min. The mechanism of the adsorption of chromium(VI) was tested using pseudo first-order and pseudo second-order kinetic models. [38] [39] Pseudo first-order and pseudo second-order kinetic models are giving by Eqns. 1 and 2, respectively, in a linear form:
where qt is the chromium(VI) solution uptake in mg g -1 at time t, qe is the chromium(VI) solution uptake in mg g -1 at equilibrium and k1 is the pseudo first-order rate constant k2 is the pseudo second-order rate constant
Values of k1 and qe were obtained from the slope and intercept, respectively of plot of ln(qe -qt ) against t . k2 is the rate constant of pseudo second-order reaction. A plot of (t/qt) against t gives 1/qe as a slope and 1/(k2qe 2 ) as intercept from which k2 can be obtained . Both models are tested for suitability using correlation coefficient, R 2 . 40
Effect of temperature and thermodynamics studies
Effect of temperature and thermodynamics studies on the biosorption of the chromium(VI) ions were done at different temperature (25, 30, 40 and 60 °C). Chromate(VI) solutions (20 mL) of initial concentration (20, 60 and 80 ppm ) were added to 0.2 g of the modified SBS at room temperature and the mixture was stirred at 300 rpm for 15 min. The mixture was centrifuged after each experiment then the chromium(VI) concentration of the filtrate was determined using UV spectrophotometer .
Calculation of metal ions uptake
The metal ions uptake at equilibrium was calculated by the following equation : where qe in mg g -1 is metal ions biosorption capacity , V is the volume of the metal ions solution (L) and W is the amount of biosorbent (g) C0 and Ce are initial and final ( equilibrium ) metal ion concentrations, respectively (mg L -1 ).
The removal efficiency of the metal ions was also determined using the following equation:
Adsorption isotherms
Mathematical model equations such as Langmuir isotherm model and the Freundlich isotherm model described the distribution of metal ion between the liquid and the solid phases. [38] [39] The Langmuir parameters are determined from the following equation.
where Ce is sorbate concentration at equilibrium in solution mg L -1 qe is the amount of chromate(VI) adsorbed at equilibrium ( mg g -1 adsorbent ) b is a constant (L mg -1 ) qm is maximum amount of sorbate per unit mass of sorbent when all sites are occupied (mg g -1 ), where b and qm are the Langmuir constant related to energy and the adsorption capacity, respectively. K=b=equilibrium adsorption constant related to the affinity of the binding of the sorption.
If a metal removal follows Langmuir isotherm this means that the metal adsorption takes place at specific homogeneous sites and one adsorption layer are on the surface of adsorbent. The essential characteristics of Langmuir isotherm can be expressed into terms of a dimensionless equilibrium parameter (RL), defined by If a metal removal follows Langmuir isotherm this means that the metal adsorption takes place at specific homogeneous sites and one adsorption layer are on the surface of adsorbent. The essential characteristics of Langmuir isotherm can be expressed into terms of a dimensionless equilibrium parameter (RL ), defined by (6) The value of RL indicates the type of isotherm to be either unfavorable (RL˃1), linear (RL=1), favorable (0˂RL˂1), or irreversible (RL=0). The Freundlich parameters are determined from the linear form Freundlich isotherm as following equation
(non-linear) (7)
(linear) (8) If 1/n is lower than 1.0 the adsorbate is favourably adsorbed on the adsorbent (0˂1/n˂1). The type of isotherm can be also irreversible, 1/n=0 or unfavourable, 1/n>1. Kf=adsorption capacity at unit concentration (L g -1 ) , related to bonding energy .
Result and Discussion
Adsorption of chromium(VI) onto citric acid modified sugarcane bagasse
Adsorption of chromium (VI) from aqueous solution on biosorbents like citric acid modified sugarcane bagasse is a rather complex process affected by several factors like pH, dose, initial concentration, contact time and temperature. The adsorption mechanism varies widely and depends on the type of adsorbent. Most adsorbents interact with chromium(VI) through binding of the metal ion on the cellulose/lignin units in the active sites through binding of two hydroxyl groups in the cellulose units.
Effect of initial chromium(VI) concentration on the biosorption by citric acid modified sugarcane bagasse
The effect of initial metal ions concentration on the biosorption of chromium(VI) by SCB was illustrated in Figure 1 . The maximum biosorption capacity (qe) of Cr(VI) ions by SCB modified with 2 % or 4 % citric acid was proved to be 6.49 and 7.04 mg g -1 at 200 and 180 ppm initial metal ion concentrations, and the maximum removal efficiency was found to be 81.5 and 94.2 %, respectively, at 20 ppm initial metal ion concentrations.
This showed that the amount of metal ions adsorbed (qe) increases as the initial chromium (VI) concentration rises and the removal efficiency decreases as the initial metal ion concentration increases. At low concentrations a greater chance was available for metal ions removal.
Effect of pH on the biosorption of chromium(VI) by citric acid modified sugarcane bagasse
At different initial pH values (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) biosorption experiments were carried out. initial pH values were controlled using 0.1 M sodium hydroxide NaOH or 0.1 M hydrochloric acid HCl. 20 ml of chromium(VI) solution of initial concentration 80 ppm was added to 0.2 g of biosorbent (SCB modified with 2 % or 4 % citric acid ) at room temperature and the mixture was stirred on shaker at 300 rpm 144 for 15 min. Then the absorbance was recorded at 365 nm. We observed that the lowest absorbance at low pH 1.5 and the biosorption decrease as pH increase.
The amount of chromium(VI) removed by SCB modified with 2 % citric acid at pH 1.5 was 7.21 mg g -1 and the removal efficiency was 90.1 %. But in the case of SCB modified with 4 % citric acid the amount of chromium(VI) removed at pH 1.2 was 7.4 mg g-1 and the removal efficiency was 92.2 %. This means that there is strong interaction between the metal ions and the biosorbent in the acidic solution. As shown in Figure 2 .
Effect of biosorbent dosage on the biosorption of the investigated metal ion
It is an important parameter to determine the capacity of a biosorbent for a given initial concentration. In each biosorption experiment. 20 ml of chromium(VI) solution of initial concentration 100 ppm was added to different dosage of biosorbent 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, 1.0, 1.2 g of modified sugarcane bagasse with Citric acid 2 % or 4 % citric acid at 25 0 C and the mixture was stirred on shaker at 300 rpm for 15 min. The increase in the biosorbent dosage make the metal ion removal efficiency increase. Chromium(VI) removal efficiency was lowest value 14.94 % obtained with 0.1 g and highest value of 83.6 % with 1.2 g of Sugarcane bagasse. This is due to the increase in surface area and availability of biosorption sites. Biosorption capacity qe of chromium(VI) onto sugarcane bagasse was highest value 2.99 mg g -1 with 0.1 g of sugarcane bagasse and lowest value 1.4 mg g -1 with 1.2 g of sugarcane bagasse with 2 % citric acid. But in case of SCB with 4 % citric it was noted that the metal ions removal efficiency increase, the lowest value of chromium(VI) removal efficiency was obtained (16.64 % with 0.1 g and highest value (90.36 %) with 1.2 g of sugarcane bagasse. This is due to the increase in surface area and availability of biosorption sites. Biosorption capacity qe of chromium(VI) onto sugarcane bagasse was highest value 3.327 mg g -1 with 0.1 g of sugarcane bagasse and lowest value 1.51 mg g -1 the biosorption capacity qe of chromium(VI) chromium(VI) onto sugarcane bagasse decreases as the biosorbent dosage increase due to the splitting effect of the concentration gradient between the metal ions solution and biosorbent. Because of increasing in adsorbent surface area , pores , active sites and number of unsaturated sites. It was noted that the increasing in the biosorbent dosage brindinging a decrease in the amount of metal ions adsorbed per unit weight of biosorbent as showed in Figure 3 . 
Effect of contact time on the biosorption of the investigated metal ions
The results obtained on the effect of contact time on the biosorption of the chromium(VI) by sugarcane bagasse modified with 2 % citric acid or 4 % citric acid at 25 0 C was shown in Figure 4 . It was observed that the increase in the contact time increase the amount of metal ions adsorbed up to 40 minutes. The removal of metal ions was rapid at first and decreased slightly until the equilibrium is reached.
Effect of temperature on the biosorption of the investigated metal ion by biosorbent
The result obtained on the effect of temperature and thermodynamics studies on the biosorption of the chromium(VI) was done at different temperature (25, 30, 40 and 60 °C), (20 ml of chromium(VI) solution of initial concentration (20, 60 and 80 ppm) was added to 0.2 g of the biosorbent at room temperature and the mixture was stirred on shaker at 300 rpm for 15 min. The mixture was centrifuged after each experiment then the concentration of the filtrate chromium(VI) was determined using UV spectrophotometer. It was noted that the chromium(VI) removal efficiency and qe at different initial concentrations (20, 60, 80 ppm) by modified SCB increases as temperature increases until around 40 °C. Because of the presence of the active site as the temperature increases the adsorption capacity will increase. This means that the rising of the temperature encourages the biosorption due to increase in the movement of the chromium(VI) at higher temperatures.
From the result obtained above, it was noted that the removal efficiency of Cr(VI) and qe of chromium(VI) biosorption by SCB at different concentration (80, 60, 20) mg L -1 increases as temperature increases due to the active sites until around 40 °C , and due to increase in the movement of the metal ion.
The result was shown in Figure 5 . 
Adsorption isotherm of the investigated metal ions onto biosorbents
Mathematical model equations such as Langmuir isotherm model and the Freundlich isotherm model describe the equilibrium between metal ions adsorbed onto adsorbent and metal ions in solution. Metal ion adsorption isotherms onto biosorbents are presented as a function of the equilibrium concentration of metal ions in the aqueous solution Langmuir and Freundlich isotherms and its parameters of chromium(VI) biosorption onto modified SCB were shown in Tables (1, 2) . It was observed that the amount of metal ion adsorbed per unit mass of biosorbents increased with the initial concentration of metal ions.
The essential characteristics of Langmuir isotherm can be expressed into terms of dimensionless equilibrium parameter (RL), defined by
RL a dimensionless constant separator factor, the value of RL indicates the type of isotherm to be either unfavorable (RL˃1), linear (RL = 1), favorable (0 ˂ RL ˂ 1), or irreversible (RL = 0). From the experiment onto 2 % citric SCB RL values various from 0.25 to 0.71 for different chromium(VI) concentrations (20, 60, 80) ppm at different temperature ( Table 3) . From the experiment with 4 % citric SCB RL values various from 0.16 to 0.79 for different chromium(VI) concentrations (20, 60, 80 ppm) at different temperatures ( Table 4 ). The results show that the values of RL ranged between 0 and 1, thus indicating a favorable metal ions biosorption onto modified sugarcane bagasse It was observed that the value of Freundlich exponent n indicates better biosorption mechanism and formation of relatively stronger bond between adsorbate and biosorbent as n values wear greater than 1 as shown in Tables 1, 2 and 1/n values of chromium(VI) biosorption onto sugarcane bagasse with 2 % citric were found in the range of 0.6-0.67 and 0.48-0.74 with 4 % citric at temperature from 298 to 333 K, the 1/n values were between 0 and 1 which means that the chromium(VI) biosorption onto modified sugarcane bagasse are favorable under the studied conditions. 
Kinetic studies on the biosorption of the investigated metal ions on biosorbent .
The mechanism of the adsorption of chromium(VI) was tested using pseudo-first-order and pseudo-second-order kinetic models. From experimental data obtained of sorption time investigation the adsorption kinetic of the removed chromium(VI) from aqueous solution was studied. The pseudo-second-order model is the best fitting model according to linearity coefficients R 2 = 0.9995 but pseudofirst-order has linearity coefficients R 2 = 0.9233. The experimental qe =2.1 close to the calculated qe=2.3 determined from the plot of the pseudo-second-order model when the sugar cane bagasse treated with 2 % citric acid.
In the same time when the sugarcane bagasse treated with 4 % citric acid the pseudo-second-order model is the best fitting model according to linearity coefficients R 2 = 0.9917 but pseudo-first-order has linearity coefficients R 2 = 0.9151. The experimental qe =3.3 close to the calculated qe =3.6 determined from the plot of the pseudo-second-order model as shown in Table 5 , Figures 6 and 7. 
Conclusion
Removal of poisonous hexavalent form of chromium from solutions was possible using selected adsorbents modified sugarcane bagasse was the most effective for which the removal reached more than 92 % for Cr(VI) at concentration of 200 ppm at pH 1.2. Increase in the dose of adsorbent, initial concentration of Cr(VI) and increase in contact time up to 40 minutes are favorable for all increase the adsorption of Cr(VI). The kinetic of the Cr(VI) adsorption on sugarcane bagasse was found to follow pseudo -second -order mechanism. The adsorption data can be satisfactorily explained by Freundlich isotherm. Higher sorption capacity of this sorbent indicates that sugarcane bagasse can be used for the treatment of chromium effluent.
